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ABSTRACT 


MOmepeccdierOled personalized urban transportation system 
model for a community of 250,000 population or less. The 
model utilizes existing modes and provides increased servicing 
at minimal cost while lessening the impact of travel on the 
environment and use of resources. Some areas for future 


research are also suggested. 
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en OMI C ETON 


MiewaUaimityrand type of transportation available has 
always been a determining factor in mankind's habitation. 
Mavardekhipling said that transportation is in fact civili- 
Zaewormejoampson|!. If the quantity of automobiles is a 
Measure, then the United States is the most civilized country 
ie che world, 

DieaeromUmited otates public transportation has not kept 
pace with rapid urbanization and the explosive technological 
mmameces simeOther fields. It was not until the formation of 
the Department of Transportation in 1966 that there was a 
Single federal office whose mission was the coordination of 
a evOonalwtransportation policy. In this critical area of 
national policy, the United States has fallen behind all the 
Western nations and many of the Third World countries. 

Peeemteaiiv. Since the £ounding of this country, the 
micivemcnt Of the federal government in the problems of 
Etansportation has been Sporadic. The government entered 
Mis =eiotmiminatialiy in order to open the newly acquired 
territories for exploration and settlement. The land grant 
programs that benefitted the railroad industry are an 
iiponrtanteexample Of this involvement |[Mertins]. Each 


decision made by the government to provide cheap transportation 


BOmUIComEmominers was Made piecemeal, without considering the 





@ransportation system as a whole. Therefore the early govern- 
ment push for transportation was directed toward developing a 
iieron~eracher than developing a far-reaching transportation 
system. - 

For most of man's existence his feet have been his basic 
Pecemoustranspontation. The first transportation advances 
occurred when man domesticated wild animals to carry his loads. 
The next breakthrough was the invention of the wheel. Beyond 
@ies it took several thousand years before the next major 
development, the invention of the steam engine, which pro- 
feeecasthe £iyst efficient overland transportation. Less than 
one hundred years later the internal combustion engine came 
into being, and the United States entered the age of the auto- 
nope However, the immediate popular success of the auto- 
mobile has created,rather than eliminated, transportation 
peoplems. 

As this country entered the twentieth century, the auto- 
mobile began to appear with increasing frequency on the 
fountny'S roads. By the year 1916 the population had reached 
102 million, the number of motor vehicles was over three and 
one half million which were being driven on three million 
miles of roads. The federal government that same year pro- 
VElc@muncmimrst hlonway Construction grant intended to improve 
the poor condition of the nation's roads [Sampson]. This 
marked the beginning of a federal program to aid in the con- 


struction of an integrated national highway system. 





Timerewmietcweewere over §,100,000 cars and 1,100,000 
trucks using the nation's roads. A decade later, their numbers 
Maaeswelleds to nearly 25 million automobiles and 3-1/2 million 
moueks. By 1940 the number of private motor vehicles had grown 
maimaddrtional £ifty percent. That same year, as the nation 
mevered on the brink of another World War, Congress established 
ime Iransportation Act of 1940. The declaration of policy 
Seeates: 


iamismiereby declared to be the national transportation 
Polteysoretive Congress to provide for fair and impartial 
meguiilation of all modes of transportation subject to the 
MEevusions Of this Act, so administered as to recognize 
and preserve the inherent advantages of each; to promote 
safe, adequate, economical and efficient service and foster 
sound economic conditions in transportation and among the 
several carriers; to encourage the establishment and main- 
Pomewecmormrcdsonanple €harpes tor transportation services, 
PieTClummmiiste dlS€riminations, undue preferences or advan- 
moos mOreUntalr Or deStructive Competitive practices; to 
Seoperatemwrtn the Several States and the duly authorized 
Pritcilicmunctcon; and LO encourage Lair wages and equitable 
MoiMimmeamaltlons;--all to the end of developing, ccor- 
dinating and preserving a national transportation system 
by water, highway, and rail, as well as other means, ade- 
quate to meet the commerce of the United States, of the 
Postal Service, and of the national defense. All of the 
MeoOraomonmomor: this ACE shall be administered and enforced 
Teemecmerew OL Carrying out the above declaration of policy. 
{| Pegrum | 


POmm@memrarst time in the history of the United States a 
Meeroncimtransportation policy was established. However, 
Bilcmemutcmmo material €ffect on motor car travel until 1944 
when the Federal Highway Act designated a national system of 
interstate highways which would connect all major centers by 
intra-continental highways. 

In 1950 the number of registered motor vehicles was nearly 


50 million and there was a great need for highway improvements. 





iiewiederal Aid litghway Act of 1956 provided for a designated 
national system of interstate and defense highways of 41,000 
mpves (later mereased to 42,500 miles) with ninety percent 

of the funding provided by the federal government and the 
remaining ten percent provided by the state governments. Today 
the system is 91% complete. 

In the last fifty years the population has more than doubled 
mez l>s million people. The total motor vehicle registration 
Mas increased to nearly 113 million vehicles being driven close 
to two trillion passenger miles yearly. The highway system 
Somtne United States has remained nearly constant at 3.7 million 
Miles. 

Pevoneto thesproliteration of the automobile and the estab- 
Jishment of the complex system of highways seen today, the 
Mmoeecrh OF Urban Life was quite different. Urban areas were 
Meceup Of “villages” Consisting of neighborhood shopping and 
business areas surrounded by homes. Most residents needed only 
Mmemenave! awshort distance from their homes to get to woxzk 
or to these shopping areas. The goods and services available 
were adequate to fill the needs of the neighborhood. The end 
hesmicwOmmthis limited availability of transportation were 
vom ereenmcensity urban areas. 

With the advent of the automobile and its burgeoning 
Popularity, people began to increase their mobility. It was 
Henepeoctbbes to move from the crowded conditions of the city 
to the low density of the suburbs and 'commute'' to a job in 


j@iewMrban centers. it was also the case that those who had 





always Jived in the rural communities could, with an automo- 
Pelee conmutceinto the urban areas to a higher paying job. 

ihe advantage of being able to move one's family out of 
mrowexcremely crowded city while Still maintaining a job in 
the higher paying urban area made the automobile increasingly 
mopular. 

Wihat are the factors that led to the fantastic growth and 
popularity of the automobile? Of primary importance is its 
convenience. The car is available without delay, and travel 
imei Origin tO destination iS by the most direct route without 
unnecessary stops for other passengers. Of lesser importance 
but worth noting are the privacy that an automobile affords 
and the status conferred by owning an automobile. 

However, the automobile has some distinct disadvantages-- 
its inefficient internal combustion engine pollutes the air 
and wastes fuel, it takes up a great deal of Space on the roads 
in comparison to the number of people transported since most 
commuters (68%) drive alone, it wastes valuable real estate 
Since the auto must be parked at origin and destination, and 
Mail yedstersS Very expensive to operate. 

Of immediate vital concern to the nation is the shortage 
of fossil fuels, and regarding the automobile in particular, 
the shortage of oil. Twenty-five percent of the total energy 
Soroumcampy welbe Mat1on 1S fLor tranSportation and the passenger 
eaueuscommertrily half of that [Mooz]. 

Land use patterns have been molded to our mobility, and 
elibtmbamesprawl has become a way of life. Business, recre- 
Peon shoopime Centers are located further apart, 
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Tisidvateasimneetinose who Cannot drive because of income, age, 
or physical handicaps. Our environment has suffered from the 
PeecctsmOoLetmicnautomobllie. Pollution from the automobile is 
Plime wine air, @ larger percentage of our urban acreage is 
being paved for the movement and parking of automobiles. 
Napiral resources, in this case oil, are dwindling. 

Planners have tried to solve the problems associated with 
moving vast numbers of people in automobiles by improving our 
highways. They have increased the number of lanes and con- 
Structed monstrous interchange systems with ramps and over- 
passes. However, every new improvement to facilitate the 
movement of traffic produces more traffic to be moved. 

hieickoows oUpemaLohway-ouperhoax, Helen Leavitt main- 
PeenismtNnae stratti1c will increase to the limit of road accomo- 
dations and gives as examples the New Jersey Turnpike and the 
Hollywood Freeway. 

Los Angeles is another prime example. The Hollywood 
Freeway was opened in 1954 and designers predicted that it 
MoOUtmeadrry an Ultimate daily volume of 100,000 vehicles. 
Yet it took only one year from opening date for the traffic 
rate to exceed 168,000 vehicles per day. Los Angeles has 
devoted no less than 85 percent of its downtown area to 
automobiles in one way or another, but still is unable to 
EOpumpoleits escalating traffic mess. {[{Luna] 

Ask a highway planner what the solution to too many cars 
is and he will probably answer that more highways, bridges, 
Cit eneom—eanesmecte. are needed, Eighty-five percent of the 
downtown area of the city of Los Angeles is dedicated to the 


automobile in one form or another and yet they have a bigger 


congestion problem now than they did ten or twenty years ago. 
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Bullions and billions of dollars are being spent on highways, 
and that money is only serving to compound the problem. 

Cie weiaecracion Of the automobile in our country during 
the past fifty years plus the spread of pavéd roadways has 
Peovided for personal mobility unmatched in history. This 
trend that once was regarded as a blessing has become a matter 
Seeecrave concern. AS a result of these concerns, there has 
Beemed restirgence of interest in mass transportation systems. 

In effect, activity by the federal government in the field 
of mass public transportation began with the passing of the 
Urban Transportation Act of 1964. This act, as amended through 
Meraper 1970, gives the Secretary of Transportation the means 
to assist in the development of mass transportation systems. 
The act also provides for the department to assist states and 
local communities by providing grants and loans and by pro- 
wading £Or research and development in this field. 

However, the amount of monies actually spent on research 
and development in the first four years of the amended Urban 
Meese iransportation Act was limited. In fiscal 19/72 for 
mstinees the federal outlays for mass transit were $327 
Metinenemer 5.9, Of the total transportation dollars spent. 

In the middle of that same year it was noted that the backlog 
Oemipoilcations £Or Capital grant assistance for mass transit 
foaeanewmeto over four billion dollars; over six times the 
mopeimedmaral grants made by the Urban Mass Transportation 
Administration. Modern mass transit was in deep financial 


trouble. Of the grants made, 29% had been spent on scheduled 
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bus service, 65% had been spent on rail modes, and the remaining 
Six percent on ferry boats and other modes [Kirby]. 

ie weccnper 1974, President Ford signed into law the 
merrondal Mass Transportation Assistance Act of 1974. This 
femeprovides for the disbursement of 11.8 billion dollars 
over the next six years to mass transit systems around the 
Sommer y. The bill authorizes four kinds of federal grants: 
mec Ollizon dollars for capital expenses, four billion dollars 
for either operating or capital expenses, and 40 million 
Sedbce fOr a2 hree-fare transit project. The fourth grant 
was for 14 million dollars to remove a highway-railroad 
crossing in Hammond, Indiana. The Congressman who represents 
MimteeadtStrict 1S Ray Madden, Chairman of the House Rules 
Committee, where,it 1S interesting to note, the bill was 
Stalled for several weeks [Hey]. 

The complex problems of moving people that have been 
mushrooming for decades will not be solved overnight. Federal 
funds for the most part have supported public transportation 
systems that have catered to traditional bus and rail service 
Mentcles. This piecemeal approach was a product of an era 
when personal incomes were lower, there was less personal 
mobility and only a small percentage of the population owned 
automobiles. This methodology no longer can be applied to 
today's transportation problems. Furthermore, most of today's 
research and development money is geared toward "fixed personal 
rapid transit" systems that require long lead time and high 


Geapttal commitments. 
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wie cmenamopOncatlon System cannot offer the flexibility 
fie percoOmatecar. For the time being at Least, to the indi- 
vidual automobile owner, the advantages of the automobile 
outweigh the disadvantages, and independent.auto travel holds 
Wore appedia than mass transit. If planners want to solve the 
problem of excessive motor vehicles overcrowding the highways 
ama Urban Centers, it is mandatory that they first realize 
the emotional attachment of the commuter to his private 
vehicle [Kieffer]. Could the advantages of the automobile 
be incorporated into an efficient urban transportation system 
making mass transit so appealing that there would be a turn- 


Mbout trom this auto-mania? 
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Though mass transit has been steadily declining in popu- 
iemmey Since 1945, with the mounting problems of pollution 
and excessive land and energy use caused by the automobile 
1t is imperative that a viable mass transit system be found, 
memooom. mrt 15 the antent of this thesis to show that such 
a system is feasible with technology now available. The model 
Manned in this thesis is for a community of 250,000 or less 
Miemincorporates as many of the popular features of the auto- 
mobile as possible while still maintaining the advantages of 
amass transit system. It also incorporates the workable 
transportation systems already established in the community. 
It iS important that this model does not fail in the way that 
the automobile did--in other words, it must solve more problems 


Pian te pr Oduces . 


1 





TIT. BACKGROUND 


ijemrrrsct scOMmercially operated “mass transit" vehicle 
was a horse-drawn omnibus. This heavy public vehicle, usually 
four-wheeled, was designed to carry large numbers of passengers 
and operated on the streets of New York City in 1827. There 
were several refinements during the next two decades including 
Pocminstallation of rails in the city streets, thus giving 
the passengers a smoother ride and enabling the horses to 
pull much heavier loads, though the vehicle itself remained 
unchanged. 

By 1850, the first forms of traffic congestion were 
recorded and street pollution from the animals became a 
problem. New York City was faced with the removal of sixty 
tons of horse manure each day. 

Itmieheelorvu' ss, oan Franeciseo established a cable car 
Company and actuated the first departure from horse-drawn 
vehicles and their problems. The cable cars were far more 
Pomrecameonthe Wills of San Francisco than the horse cars. 

An important breakthrough in mass transit came when 
electric motors were introduced during the mid-1880's. 
Numerous cities constructed electric rail lines that made 
inroads into the horse-drawn and cable car transportation 
Sonpmeamlecmaeboston., Chicago, and New York were the first to 


construct both elevated and subway lines for moving their 
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urban populations. By 1890 there were 8,000 miles of urban 
eransportatiron track. For the most part, these early develop- 
ments were financed by men who considered “'Traction" (trans- 
portation) companies to be a sound investment with substantial 
financial returns expected. 

But at the turn of the century there were problems on the 
DioraGnen opeclal Reports--so®reet and Electric Railways 1902, 
a United States Bureau of the Census document, warned of the 
following: 

: the high costs of construction, the generally long 
rides at low fixed fares, the concentration of destinations 
in the downtown area, the peaking of traffic, and the 
expectation tial population shifts to outlying areas would 
not be consistent with existing transit routes. 

In addition, the advent of the internal combustion engine 
after the turn of the century meant compounded problems for 
the transit industry. This new competition, the private 
automobile, was gaining in numbers and popularity. Prior 
to the United States involvement into World War I, it had 
become well recognized as the new mode of transportation. 

In 1905 five billion riders were using electric street 
cars and the zenith was reached in 1927 when 14 billion 
passengers rode them. By 1933, however, in the wake of the 
depression, patronage had fallen off to nine billion. 

Because there was little money available with which to 
modernize electric street car equipment and facilities, and 
because of the high capital outlay involved in laying new 


PEIetomplicmSenvice began to develop aS a more cost effective 


Givermmanive NOT. July 1974). 
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Dimenincteeindwstry continued to have a desolate posture 
nore tie remainder of the 1930's and the first two years of 
Mies ho40 sin 1942 the United States was turning its 
energies toward the war effort and the increase in the number 
of people working combined with the shortage of gasoline, 
Mines, ©CteC., Mace temporary increased demands on public transit 
Systems. 

The almost continuous decrease in transit usage in most 
bioan areas since 1945 can be traced primarily to the following 
four causes: (1) the preference for automobile convenience; 
(2) the inability of most transit systems to serve the general 
urban sprawl and new patterns of commuting; (3) the unrelia- 
bility of service and low quality equipment; (4) the lower 
“apparent cost" of operating a private vehicle. 

The urban transit systems have been the losers during 
Gyros perlogmot transition. The increased use of the auto- 
Nop Vceaneamenesaepecndence on 1t have caused the development 
of auto-oriented socioeconomic patterns to which the present 
transit companies have not adjusted. Whether the deteriora- 
PiOMmOmmenemtlansit Service caused the shifting of patterns 
Teoma tine Of patterns Created deterioration of service 
Jowotwiittbe gmportance. The fixed route transit systems 
a Tiemroncen meet the entire needs of the low density, high 


NoOprmitey populatron of today. 
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IV. MODES OF URBAN TRANSPORTATION 


Siee mele mElnn on the century, the conventional scheduled 
Miswerail sand trolley modes of transportation have been the 
mainstay for the urban mass transportation systems. Recently, 
however, some new technology has been developed giving the 
transportation industry a new complexion. 

Rail rapid transit systems are the most advanced form 
of urban transportation. The high degree of automation 
through computer operations, increased speed, plus added 
comfort for the passenger put this mode far in advance of 
MiecewcOnVentloOnal rail road. The conveyance is used primarily 
to move masses of people many miles in a short time and as 
such makes infrequent stops. For example, the BART system 
iimodl “ranciscO averages 58 MPH including 20 second station 
Stops and reaches maximum speed of 80 MPH. 

The cost to implement this type of system is very high 
because it is necessary to purchase the right of way for the 
falls as well as the rolling stock. The Department of Trans- 
portation estimates the cost of rolling stock based on a 
Puecwasemorder of trom 75 to 200 cars at $160,000 to $380,000 
per Car in 1975 dollars. 

The Department of Transportation using the American Transit 
Pewerattones)ransit Operating Reports, Washington, D. C. 


eee eeecme@cveloped a mathematical formula for determining 
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micmwoperatingecosts for a rail rapid transit system based on 
mm Ormation £rom eight separate companies as follows: oper- 
ating costs per mile = [$0.534 - 0.000004 (annual car miles : 
Miiecu size) | X local wage rate in dollars per-“hour. Construc- 
Pemecosts per mile ror a rail rapid transit system range 
imeonino-O to 9.4 mallion dollars for surface areas to 13.2 
PmeowO miliion dollars for e¢heyvated and sub-surface areas. 
Semeret bUSiness District area construction costs range from 
ete to /l24miliion dollars per mile, and stations can cost 
maomel0) towhy/ million dollars each. Right of way costs based 
Smmewo track facilities range from .64 million to .86 million 
dollars per mile [DOT, May 1974]. This type of rail system 
m)a high speed, high volume, high cost rapid transit system 
designed for large urban areas. 

In addition to the rail rapid transit system described 
peeve, tllerc are medium-volume rapid transit systems that 
apcmalsounully automated. These operate in single car 
Pl tiscameunats. “Lney usually run on rubber as opposed 
towsteel wheels and either travel on a track system or are 
suspended from an overhead guideway. With this system 
there 1S a high capital outlay for the right of way and for 
cqurpmcnen although Gonstruction costs are less. 

Another type of transportation system is the Personal 
Rapid Transit (PRT) System. Each car capacity is limited 
HOmtOUmEEO six passengers and therefore gives the passenger 
pedeencc Orepravacy found in a personal vehicle, but the 


vehicle is confined to a track and the capital cost is high. 
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TEpGRRAN -aiso falls into the fixed route category. While 
Miurss system does not run On a track as such, it moves in a 
Separate right-of-way and cannot deviate from this guideway. 
While there are designated stations along this fixed route, 
once the passenger enters the system at a station and boards 
oemor the small cars, the vehicle is programmed to run auto- 
fepmeailiy from Origin to destination without stopping. Unfor- 
mum ely, the extremely high operating cost of this system 
iiees 1t impractical in today's economy. 

ihe stakkear, developed by the Alden Self-Transit Systems 
Moeuporation, as, like the TELETRANS, a Personal Rapid Transit 
System. The vehicles carry from four to eighteen passengers 
and move on a guideway but, in addition, they are dual mode. 
That is, besides picking up and depositing passengers at 
moatbarestattoms, the stakRRcar can leave the guideway and 
drive the passenger on a conventional roadway to a destination 
other than a designated station. 

ihnesbackpone Of Many sof the municipal transit systems is 
PremecOnvemt ronal rubber tire bus, which runs on existing 
roadways. While automobile production has been decreasing 
MimEncmUNnbedmokates, the production of buses has increased. 
General Motors has expanded production of buses from nine 
to twelve per day, and American Motors has a backlog of 
Orders for 870 buses worth $44.9 million. The Department of 
Transportation has Rhor Industries working on a vehicle called 
TRANSBUS that incorporates many new safety and comfort 


features in a fairly conventional-looking bus. 
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Using an idea long popular in foreign countries, double 
decker buses are becoming available again, seating 27 on the 
lower level and 57 on the upper level. These buses are now 
Tomi tt tor ume oouthern California Rapid Transit District 
(SCRTD) and will carry 84 passengers, as compared to the 51 
passengers carried on a conventional bus, and will cost 
$125,000 each. Their prime use will be in the high density 
downtown area where they can carry over sixty percent more 
meeple for Virtually the same operating cost as a conventional 
bus. 

Mimgeebuseswor vans, Vehicles that can carry eight to 
twenty-eight passengers, have been popular in recent years. 
These twenty-foot long (or less) buses, which have a much 
Hower Capital cost, are being used where low-density population 
pice Limited space are factors. 

The capital costs of motor buses range from $8,000 for 
mini eight passenger vehicles to $46,000 for the large 53 
messenger seus. The double decker buses run nearly three times 
Bette peleess FOr determining Operating costs, the Department 
ef Transportation using the American Transit Association, 
itatsohimOperatinge Reports, Washington, D. C. 1971-1972 has 
developed a mathematical model for a bus system based on 
Pome -emehmemet tne largest bus Systems in the United States 
ey oeceildrsieas tollows: operating costs per bus mile = 

Inibus;_Ipien bes 
[$2.5 X bus miles - 0.00002 (fleet size)] wage (dollars per 


hour) [DOT, May 1974]. 
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A battery-operated computerized car called Witkar is being 
used experimentally in Europe. The car is summoned when the 
Mistomer inserts his key into a deposit box. The personally 
Goded key will operate the car and its computer console. 
Furthermore, when the destination is fed into the computer, 
it determines whether parking is available. The capabilities 
of the car are limited in that it can run for only fifteen 
minutes at a maximum speed of eighteen miles per hour before 
it needs to be recharged. The auto costs about $2,400 and 
they are currently being used in Amsterdam. 

While many of these transportation systems will never be 
widely used, the research and development will, it is hoped, 
produce a flexible transportation system that can be adapted 
to meet the needs of many divergent areas and further adapted 


aoethe population and needs of an area change. 
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VeeObreon PARA-TRANSIT 


The term para-transit was originated to designate the 
modes Of transportation that fall between the single commuter 
automobile and the conventional transit systems. These other 
Metisportation modes unclude car pools, subscription buses, 
Maxbecans;, jitneys, and dial-a-ride systems. 

The Urban Mass Transportation Administration has developed 
mevertinitionm Of para-transit as follows: 

rauomemanctG service are those forms of intraurban 
passenger transportation which are available to the 
public, are distinct from conventional (scheduled bus 
and rail) and can operate over the highway and street 
system. [Kirby] 

Tombetter Understand the field of para-transit, there 
are several new terms that have evolved and that need to be 
Aerie d ; 

Wee cmmeiing service: Collecting at different origins 
passengers who regularly travel to a common destination at 
tie same time. An example would be those who are traveling 
Momanmeirauistrtal park or office building. It is a pre- 
Grmaneeadusnus route that sérves their needs. 

eee ottering Service. Passengers are picked up at 
EMecoOnmomeorloin and delivered to various destinations. An 
example would be those who are returning home from work or 


Pehoolmoremram 2 shopping center. Again this is a pre-arranged 


bliss route that services the passengers‘ needs. 
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3. “Subscription Service: Scheduled gathering and scat- 
Benne Service routes. 

4. Fixed route with diversion: The transit vehicle 
follows a fixed route (as a conventional bus) with the modi- 
fication that slight diversions may be made at the discretion 
@f the driver. 

Dee OlUttlewoecrvice: A @hort fixed route between two or 
Heme large ordeins and destinations, 1.e., airport to downtown, 
Peopping center to shopping center. 

Para-transit modes were developed to fill the specific 
needs of individuals or small groups of travelers. The most 
costly of these modes is the taxicab, but to the people who 
Pec mUceroweetincecOnVelnlence 1S worth the fare. the National 
Transportation Study Report of 1972 stated that between 1960 
ooo ems tazapcabs Increased their revenue passengers by 
Enirty percent while commuter railroads held steady, rail 
Pepiaetransit decreased by six percent, and bus and trolley 
@eaen Service (together) decreased by twenty-four percent.” 
tm CMmebaxicabs traveled nearly double the revenue miles 
Pe ceromemimole bus, rall, and trolley coach combined, and 
Teen revemmes Of Over $2.2 billion accounted for sixty percent 
of passenger expenditures on intra-urban transportation. 

imeeecamm noo! System, two or more commuters take turns 
driving their personal automobiles to and from work with 
cieit  "ceilcdgices. Thus, several passengers enjoy the privacy 
Titec oMion teonedn automobile and only need to drive 20 to 50 
percent of the time, depending on the number of individuals 
(generally two to five) in the car pool. 
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Ameen temston Of the Car pool is the subscription bus. A 
bus operator (company-owned or pubiic) picks up designated 
passengers at their origin and delivers them to their desti- 
Meeton at a scheduled time each work day. The individuals 
can pay for this service themselves or it may be provided 
by the company for which they work. 

Jitney service operates on a generally fixed route with 
no fixed schedule, and the jitney bus is hailed by passengers 
Waiting along the route. The route is comparatively short 
and stops whenever passengers wish to get on or off. During 
the trolley era many cities discontinued jitney service, 
and it is seldom seen today. 

MaeetmiOVvatlon in para-transit is the diall-a-ride system. 
mieecustomer calls to be picked up and is delivered to his 
requested destination, in the way a taxi functions, but the 
ride is shared. During the ride, other passengers may be 
picked up and delivered on a route determined by a computer 
to serve all the passengers. The disadvantage of dial-a-ride 
Mocmecolpared tO a taxi 1S that, as the ride is shared, travel 
time will be longer and arrival time may not be exactly known. 
However, there is a comparatively low fixed fare and sharing 
the ride reduces the number of vehicles on the road. An 
additional advantage of the dial-a-ride mode over bus and 
taxis is that the dial-a-ride vehicles are only moving when 
they have passengers to deliver or pick-up, and, therefore, 


energy comsumption and poliution are held to a minimum. 
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Miemappe Wevotepara-transit is that it caters more to the 
needs of the individual than traditional transportation modes 
and yet when integrated with those modes combines convenience 
fetch efficiency. 

An effective transportation system must be prepared to 
move masses of people during the traditional commute hours 
of early morning and late afternoon and to move economically 
maller numbers of people during the rest of the day. Para- 


Meamsit can play an important role in this endeavor. 
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Viewer PROBLEM 


Simplistically stated, the main transporation problems 
that plague cities today have resulted from the energies of 
transportation managers being directed toward moving people 
in automobiles rather than effectively moving people. The 
Eeeciiic problems that affect the model area can be placed 
Into two categories: (1) the difficulties with the existing 
public transportation system, and (2) the negative effects 
St the automobile. 

The public transportation system that now exists in 
the model area is essentially the same as it was fifty years 
ago. It is a scheduled, fixed route system that uses con- 
ventional rubber tire buses. Because of the low density 
urban sprawl, the bus stops are now further apart than is 
eonvenient for most people. Traveling from point to point 
itay Involve several transfers, further inconveniencing the 
Passenger. Most of the passengers uSing the transit system 
SomscOOltOn NECeESsity rather than choice. Furthermore, the 
System 1S not used to capacity (except during peak commute 
times when it is inadequate) and the public transit authority 
me cOntinually an the red and without funds for capital 
improvements. 

As far as the automobile is concerned the present system 


Peerouds Mase reached the saturation point and the problem of 
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Peespoliuutomeis approaching the critical stage. The expected 
shortages of gasoline may make auto travel impractical and 
pire a Strazm om the existing antiquated transit system. 

In the thesis model area, transportation prcblems have 
reached the crisis stage and it is time for comprehensive 


planning and the expedient implementation of a workable 


meansit System. 
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Vetere rie ODE E 


— 


PJeiMiiebaneakeastS unigue, and the factors that make a 
Gertain type of transportation system effective in one area 
fewcliminate it from competition in another. In making the 
@eG1Si0on aS to a particular transportation system, it is 
important to choose one that has been proven workable and 
Siemenat will preserve all the advantages that enhance the 
Pacoeeee lt is equally iamportant that it be flexible enough 
to meet the changing needs and land use patterns of the com- 
taney and that if 1S Capable of integrating with future 
mecnnological transportation improvements. 

The rapid implementation of a successful surface trans- 
portation system must make use of the available highways, 
arterials, and secondary streets that comprise the present 
system of roads. In addition it must exist to serve the 
Paemcentiral areas, businesses, industries, shopping centers, 
schools, recreational facilities and other activities that 
Ti mupmene community. It must adequately meet these present 
Pecaonanas pe tlexible ,enough to allow for future modification 
of the system. 

TimemdchkscOnaeston a mOdelatransportation system, it is 
eee weomectime Che CONMUnIty it 15 to serve. Therefore, 
for the purpose of this thesis, the following assumptions 


will be made: 


30 





mee vgrowene iaelonal population is growing at the rate 
OL One percent per year, this community expects to increase 
its population fifty percent in the next twenty years due to 
mopulation shifts. ; 

2. Land development is essentially surburban. 

Deel Mmaustny, ecommerce, and recreational facilities are 
broadly scattered throughout the area. 

4. Low density sprawl has necessitated that most trips 
be made by automobile due to the scattered origins and des- 
tinations. 

Seeeelitansvt Service 1S available but limited to conventional 
Miieeservice along fixed routes. 

elite ncapital available 1S limited. 

7. A successful transportation system will benefit the 
entire community. Therefore, it will be considered a service- 
Omrenread LUNcCtTION (Similar to police and fire departments) 
mopiner than a profit making endeavor. 

This last assumption iS very important because treating 
Eransportation aS a Service iS a néw concept for most com- 

Mint tiles. 

Section IV described some of the possible solutions to 
transportation problems. However, none of the ideas are 
inexpensive, they all require a long lead time, and in most 
cases, they are unproven. Section V introduced a new tern, 
para-transit, and defined some of its capabilities. All of 
the para-transit systems have been used in a successful manner, 


but not as methods for moving large numbers of people in a 
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planned system. The idea of integrating a form of para-transit 
with an urban transportation system is new. 

While no one mode is presently available that can meet 
all the needs for urban transportation, uniting these two 
proven modes provides a viable system. 

It is not the purpose of this model to imply the supremacy 
of one mode of travel over another, but to demonstrate that 
a system of transit can be established which will be for the 
convenience of the traveler and at the same time function 
erzuciently and be environmentally sound. 

The model transportation system for the described area 
would consist of retaining the conventional fixed bus routes, 
with some modification, and incorporating a dial-a-ride system. 
The conventional bus would make runs over a longer route with 
ewer stops; the dial-a-ride buses would make shorter trips 
(on demand) through local neighborhoods and feed passengers 
to the fixed route systems for longer trips. 

The dial-a-ride vehicles would provide door-to-door service 
within the fixed parameters of a designated area. In addition, 
it would also take passengers to the fixed route bus stops 
ioe tibeemer transportation OUtSide of its area. It would, 
in turn, pick up passengers who had come into the area via 
a fixed route bus and deliver them to their destination. 

[Wemiewcdemoute DUSes world bewmsed to transport passengers 
to and from appropriate junctions outside an individual sector 
of the dial-a-ride system. It would connect all of the 


moclonal Shoppane centers and business centers with the 
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central business district and the educational and recreational 
egeeas by using the major arterial roads. 

The designated areas to be serviced by the dial-a-ride 
system would have well defined boundaries and would have a 
fixed route bus stop (for transportation outside the area). 
heen sector would be limited to eight square miles or less 
mrmecne population density is over 8,000 per square mile 
mien to twelve square miles or less when the population 
Menorty 15 4,000 per square mile. The main criteria for 
determining sector size is the acceptable service time to 
the passenger and a maximum vehicle efficiency for the 
Speravor . 

Because of the flexibility of the system, the initial 
area selection can be altered as passenger demands within 
the system change or if the system iS not meeting the public 
Meces ima Particular area. 

HOnemcocseaial-a-ride Operate’ It 1S a personalized 
Cumin coscdestination public transportation system with no 
fixed routes or schedule other than remaining within a 
designated area. The customer calls the company by telephone 
mceineateares has Origin, destination, the number of pas- 
sengers wishing transportation and the time of desired pick-up. 
iMemopetTator plts this information into @ computer and relays 
to the customer the expected pick-up time, which is normally 
within a few minutes of the desired time. The passenger 1s 
then able to board the vehicle at his own front door. While 
the customer is en route to his destination, the bus may make 


DmOrecetours tO pick up or drop off other passengers. 
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Tiasepattern of travel 1s developed by the computer. As 
eoohem@ewenequest 15 Calied in, the computer examines the pre- 
sently scheduled routes and modifies the route and schedule 
to accommodate the new request with the least inconvenience 
to the passengers already scheduled. For the dial-a-ride 
system to work a computer 1s an absolute necessity. Algorithms 
for computer simulation models can efficiently dispatch 
momciceds Of Calls an hour fed into it by the operator. 

the driver receives voice or digital communication from 
the dispatcher telling him his next destination. The drivers 
do not have fixed routes, therefore his training must include 
meerorouch knowledge of his designated sector so he will take 
memo mortest route to his déstination. Upon reaching his 
G@estination, he signals the computer that the passengers are 
aboard or they are "'no show'' and the computer gives him his 
Memuncdestination. Only the computer knows the complete 
Scnedule. 

When looking at a conventional bus system, part of the 
passenger acceptance problem can be seen if you look at the 
routing system as a wagon wheel. The further away you get 
iGome tie Genter, or hub, of the system, the further apart 
MiemspOKCSem On FrOULeS are, and the greater the distance 
Between stops. However, because of its personalized door- 
MomcoOOrmoervyice, the dial-a-ride system has far more appeal 
than conventional type bus systems where the nearest bus 
stop may not be conveniently located, in most cases 1s 
exposed to the elements and in some cases is a target for 
Criminals. 
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Par siemmionre, 1b 15 interesting to note that when people 
leave their homes, more than half the time the distance of 
that trip will be less than three miles. 

VO tmeeOnomelemsnont . . . 20 to 25% of-all person 
moEpcmeDy dliemodes Of travel, are under one mile in 
length; another 20% are between one and two miles in 
length; another 12 to 15% are between two and three miles 
mienenetm. Ihus, half of all trips are under three miles 
meelength. [Creighton] 

S50 it follows that for more than half the trips taken on 
the model system the passenger will never leave his sector 
miemwill not neéd to transfer. This is a great plus factor 
for many travelers. 

As for commuter travel, the flexibility of an integrated 
dial-a-ride and conventional bus system allows for personalized 
Service here also. Most commute traffic occurs between six 
and eight in the morning and four and six in the afternoon. 
Moving this great mass of people puts a strain on the con- 
memeronal transportation system, but during the rest of the 
day and early evening the buses are only partially filled. 
On the other hand, taxicabs are used mostly during off-peak 
hours and it is safe to assume that dial-a-ride buses, which 
Menrrorm a Similar service, would also be most often used at 
those non-commute times when most short trips are made. 

HiMommcur inte nthe MmonniIng Commute hours, the dial-a-ride 
welteles Could perform a Subscription gathering service for 
those who work in a common area, picking them up at home and 
delivering them to a common destination. During the evening 


commute period, they would provide a scattering service by 


PGhanmosupetheir SUbSCribers at a common origin and delivering 
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Micimecntierm Gditterent destinations. Once the peak commute 
Hewns are passed and the subscription service is completed, 
the dial-a-ride vehicles would return to their designated 
PeeGvueoreand continue their regular service. -In this way, 
the problem most conventional bus companies face of having 
an excess of drivers during off-peak hours is eliminated. 
Tire costs of incorporatimg a dial-a-ride system into a 
community with an already established bus system depends 
fMoeeiye on the Condition of that system. But capital outlay 
Eepeises would include acquiring and maintaining additional 
space for dispatchers and communication equipment, the 
Equipment itself, including new dial-a-ride buses, and the 
rental of a computer. The 12 to 14 passenger air-conditioned 
buses cost about $12,000 each and like the communication 
equipment can be purchased in small lots. As the system 
gains popularity and needs to expand, more equipment can be 


plmehased . 
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Ve eee LEMENTAT LON 


Before the model transportation system can be implemented, 
an analysis must be made of the types of ownership and the 
imi@enetal Options available in the private and public sectors. 
Private transit companies have a number of alternatives avail- 
able for capital financing (preferred stock, common stock, 
mortgage bonds, unsecured bonds, equipment obligations, 
Mepentures, and bank loans) but the poor profit potential 
of public transportation does not usually attract the neces- 
Sary Capital. Additionally, they are often precluded by law 
from receiving public funds unless a public body sponsors 
them for a government grant. Thus, private transit companies 
are effectively removed from public revenue sources. 

Publicly owned transit companies, however, have ready 
@eeess LO financing mechanisms that can provide the necessary 
Capital to implement the system (as discussed in the following 
chapter). The mechanism to be used depends on the type of 
Pup srewoumership: municipal, public transit authority, or a 
@ransit district. 

NMimietpaleownership, the oldest form of public transit, 
aS a part of City government receives city funds to finance 
PomOoperatione. A public transit authority extends its system 
outside the city and county boundaries, thereby gaining access 


[mo batewiidcmOor 1t5 Operation. A transit district, like a 
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Peeronolemouwelovity ,eexcends beyond city and county lines, and 
meme staphishned by election or legislation by the state. 

(neepmimanyeadvantape of a transit district over a transit 
memOority 1s that tle transit district can levy taxes within 
Peemcistrie: £0 Its necessary operating capital, as well as 
issue general obligation bonds. Meanwhile, the transit 
authority is limited to issuing revenue bonds based on its 
ime venues . 

Since 1969 the number of publicly owned transit systems 
has nearly doubled, and today they represent seventy-eight 
Pemeens ot the vehicle miles operated, eighty-eight percent 
memene Cperating revenue, ninety percent of the employees, 
and ninety-one percent of the revenue passengers. [DOT, 
eee 1974) 58 the trend from private to public ownership is 
Meedahenc and mo doubt intluenced by the paucity of private 
capital and comparative abundance of government monies. 

Once the community implementing the thesis model has 
determined which ownership and financing options it will 
follow, funds can be made available for implementation of 
the model. 

Pe eeescmilenucimess develops a product or service to 
Mieeienceassand premotes the product to potential customers. 
This 1s what the early transportation industry did when 
horse-drawn omnibuses and street-cars were introduced. Pro- 
motional techniques stressing increased mobility were developed 
and the early entrepreneurs began developing land along the 


transit routes and building amusement parks at the end of the 
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mmese ss hese promotions were cmployed to encourage people 
HO increase their use of the transit system. 

As the industry grew profit maximization took precedence 
OVer promotion, and in time the automobile became the favored 
mode of transportation. Instead of promoting their service, 
micmtransit companies retreated in the face of this competition. 
As usage decreased, fares increased, routes were reduced, 
maintenance was held to a minimum, and no new equipment was 
ordered. The advantages of public transportation were limited-- 
Enere was nothing to promote. 

However, the transit company described in this model does 
have advantages over the automobile and promoting them will 
mewone of the keys to its success. The benefits for the 
general public and legitimization for the model are manifested 
in terms of reduced pollution, congestion, noise and use of 
fuels. The specific benefits to the customer are convenience, 
speed, safety and reliability. This general and specific 
approach is necessary to gain approval from both the users 
and non-users since everyone in the community iS required to 
op Ortmene SyStem. 

Unless the advantages are made known to the public, the 
system will not succeed. Therefore, marketing techniques 
must be implemented similar to those found in private indus- 
tries. The need must be identified, the product (or service) 
must be developed to fill the need, the product (or service) 


must be made available, and the availability must be advertised. 





PicsceMinkectmingwcOsits Vary preatly from industry to industry. 
Bmechne breakfast food industry for example, the figure for 
marketing is 50% of the total revenue, and in the cosmetic 
industry 20%. The Department of Transportation recommends 
that transit systems consider two percent of revenues as a 
iminium marketing expenditure [DOT July 1973]. 

Armed with a budget the marketing personnel may begin to 
promote the transit system through the news media, customer 
information service, driver and telephone operator courtesy 
training, participation in community service, and paid 
advertising. 

Good rapport with the news media is of paramount importance 
to the success of the transportation system. Once the press, 
television, and radio executives are convinced that the new 
transit system is meeting the public's need, they should 
Support the program. It is essential that news releases be 
promulgated at regular intervals to keep the news media and 
Mi molar tLerestcd Jn the System and its benefits. 

A customer information service where inquiries may be 
directed is necessary to help disseminate information to the 
public. A prospective customer may become a supporter of 
the system if his question is effectively answered. Upon 
request, brochures can be mailed to the customer detailing 
routes, schedules, and advantages of the system. 

The initial impression the public receives from the 
transit company employees may be the lasting impression. 
ivemetore, iG )15 important that the telephone operators and 


BnembUGeariVvers treat the customer with courtesy and respect. 
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If the opposite occurs, all the previous efforts to convince 
the customer that the system can meet his needs will be in 
min. Ihe transit system has a primary task of moving people. 
Without customers the system will not succeed. Monthly driver 
meeoopMition contests, with customer participation, can be 
used as an aide to promoting courtesy. 

Community service promotional programs are one low-cost 
method of marketing. The main purpose of these programs is 
Pm Toduce non-users’ to the benefits of public transporta- 
tion. Once "non-users" successfully use the buses they become 
musers'’ and encourage others to try the system. Passenger 
Transport published weekly by the American Transit Association, 
has several articles describing promotional programs for 
reansit Companies. 

Some special promotions include: ride home free, ride 
all day, special fare, special passes, and subscription 
service. Ride home free in effect cuts the fare in half. 
When the customer boards the bus, he gets a pass for a free 
ride home. Ride all day allows the customer to use the system 
as many times during the day as he wishes for the price of a 
Tilomi iden opecial fares can be created for the senior 
citizen, the handicapped and students. Special passes may 
Fempurchased and used aS gifts for friends, employees, or 
Tih aseanIntroauuction to the system. Subscription service, 
peeuccertipeasamsciapter V, introduces to employees and 


employers the benefit of using the bus. 
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iiemwiGsteEexpicmoelve portion of the promotional program will 
Meetne paid advertising. One of the cheapest advertising 
methods is to place posters on the exterior of the buses. 
Also useful is the law that requires all radio and television 
eeautons te devote a portion of their commercial time to public 
Seavice announcements, since if the transit company is 
publicly owned, they can qualify for this free commercial 
anne 

The choice of media for paid advertisement will depend on 
the specific audience to be addressed and the nature of the 
message delivered. Included in each message must be the 
phone number where specific information may be obtained and 
amother number for those who wish to call for ride reservations. 
Thus, those people wishing a ride will not have to compete 
Pomean Operator with those asking for information. 

When planning the transit system attention must be given 
PT oiomeoncetiasoL the general public. The span of citizen 
involvement ranges from intense personal concern through mild 
Mmeerest to disinterest, and the best way to open communication 
Hemby use sox a Citizen advisory council, (made up of repre- 
Selleaeilvese£rom all areas of the system), or by holding public 
hearings where any citizen may ask questions or contribute 
ideas. Both alternatives must be evaluated by the planners 
on the basis of how the techniques relate to the community, 
the degree of public support manifested by the technique chosen, 
micmscCeieresmensibility Of the technique, and the flexibility 


Pemoives Lather, Neitmer, Or a portion of both may be used. 
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dite technique chosen must be evaluated in terms of how it 
maintains open communication between the citizens and the 
> So Cel. 

The quality of transit personnel is of the utmost impor- 
jManeec. AS far as Management gocs, their two primary functions 
are: (1) to make policy and set goals, and (2) to supervise 
the day-to-day operation. The transit company owners (public 
OY private) or their representatives make up the executive 
branch of the company and determine the company's policies 
and goals. Under these guidelines, it s the responsibility 
of the management staff to implement the transit system. 

Because of the uniqueness of this system, there is no 
historical data available on which to base managerial decisions. 
Therefore, ridership assumptions must be made based on the 
data from the old transit system and the judgement of the 
management. It can be expected that in the beginning, the 
public will not use the new system any more than the old 
transit system. However, as marketing techniques take hold 
mee promeatnonal Campaigns go into effect, the public will 
become aware of the advantages of the new transit system 
and more “non-users/choice" riders will become patrons. 

One of the toois that will be needed by management is a 
five-year goal plan. Because the increase in ridership 1s 
Seeeceuc imeem c Gradual, Heals necessary to project for this 
extended length of time. 

This goal plan must include an evaluation of the existing 


equipment and a schedule for the procurement of replacement 
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Or ddditional equipment. In addition, the plan must show 
MicmcKpected cOStsS, revenues and anticipated phasing in of 
necessary improvements. As the plan goes into effect, Hoes 
based on the actual use and performance of the system can 
be integrated into the plan. 

hile the procedure described in this chapter can be 
Meaptcd tO Many Communities, of necessity it is only a 
meneral guideline for implementation. As stated earlier, 
Seem communlty has aiftferent deficiencies, goals, objectives, 
and expectations. Moreover, different issues will arise, 
@ieterene emphasis willl be required and different method- 
Ologies will be followed. 

CoeemienmmecOstS ~epecause Of the £Llexibility of the system, 
Mites transteecompany, if limited by lack of capital or personnel, 
may start with just a few vehicles and add more as money 
becomes available. It is far more advantageous to begin 
the system with a few new buses that are well-organized and 
coordinated than to deploy many vehicles to every sector of 
Pie system Without enough funds available for proper equip- 
ment, advertising, or back-up. 

imeuiilarye the successiul implementation of the dial-a- 
ride system depends on careful planning and the deployment 
Of a high quality transit service that does not depend on 
its own revenues for operation, and that incorporates a 


Strong information and marketing program. 
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Pe CONCLUSION 


The purpose of a transit system is no longer only to serve 
that segment of the population that has no alternative mode 
Memeravel, the transit system must be of such a calibre that 
people will leave their energy consuming, pollution spreading, 
Space wasting automobiles. The system described in the 
model solution is the only one now available that will provide 
the highly flexible, convenient, secure transportation demanded 
by today's travelers. 

In addition to providing a service to travelers, the system 
Mase other important advantages. The streets and highways on 
which the system will run represent a huge capital investment 
Detaxpavyers and utilization of these roadways gives an 
additional return on this investment. When the capital outlay 
needed to institute the dial-a-ride system is constrasted with 
the money already spent on streets and highways, it is a 
comparatively small sum that is required for the new buses 
and other dial-a-ride equipment. 

inmeacddiuten, there 1S the public service aspect of the 
system. When the integrated system is fully instituted, there 
will be a fleet of vehicles equipped with trained personnel 
and two-way radios readily available for use in case of 
disaster. And on a day-to-day basis, the drivers can inform 


the police or fire departments of any trouble they spot and 
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for no real additional cost provide considerable security 
Benefits. 

While there are many new transportation systems being 
developed, at this time there are none that mcet the criteria 
feelimed an Chapter Vil and, in fact, there are none presently 
meatlable that have proven successful for a community this 
eeze. In order to implement a workable system in the near 
Huture, it is necessary for the transportation manager to 
use the facilities available to him, but to use them in a new 
weye Hence the dail-a-ride system. This system utilizes 
existing modes and provides increased servicing at minimal 
cost while lessening the impact of travel on the environment 


ama use Of resources. 
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X. RECOMMENDATION 


After studying the alternatives, the author recommends 
that the model area planners implement the dial-a-ride system. 
Not only will the dial-a-ride system solve the problems stated 
mmeenoapter Vl, but its successful implementation will be a 
pomeemve act and in wtself a benefit to the community. 

However, the acceptance of assumption number seven on 
page 31 is paramount if any transportation system is to be 
smecessful. 

imap puepriace level of public support for an urban trans- 
portation system is with the state and local governments. 
Therefore, it is incumbent for the legislative bureaus of 
government to provide the funding mechanisms considered 
necessary to insure financial backing for this new public 
service. 

ijoG~ertore. 1t 15 recommended that tour financing mechanisms 
womotldwcoawe, General appropriations, traditional non-trans- 
MomeatlonemechaniSmsS, Special non-transportation mechanisms, 
Sameraincmomtati1on related taxes. 

The general appropriations may include general operating 
Seecaprtabesupsidies, tax relief, services supplied in kind, 
lease-back agreements, or debt guarantees. The traditional 
iO enansMOmntation taxes May include income, sales, property, 


or excise taxes. The special non-transportation mechanism 
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Mey sinclude for consideration payroll, professional, business, 
Peseta, EOuLerres, Or commuter taxes. The transportation 
Mecenanisms considered may include parking, fuel, tolls, or 
eter vehicle taxes [DOT, July 1974]. 

Due to the time and funding limitations imposed on this 
thesis, it is recommended that additional studies be made 
Mreene area of funding and ridership response before imple- 


mentation. 
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